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Abstract 
The melt textured Dy-123 system superconductors were grown by means of the top seeding and temperature gradient method in air. 
Ag2O powder of 30 wt% was added to the mixture of Dy-123 and Dy-211 powder. The pellet of 20 mm in diameter was prepared 
using coaxial pressing equipment. For improving the mechanical property and resolving the hot-spot problem, the Pt-Rh wires of 
0.4 mm in diameter were added from the surface into the bottom of the pellet. There was an intermediate layer without voids or 
cracks between the metal wire and superconducting oxide phase. Single peak of the trapped field distribution with the maximum 
value of about 0.12 T (Pt-Rh) at 77.3 K was obtained. In the comparison with Pt-Rh wires added Dy-123, the bulk with Pt wires 
prepared in Ar and in air was discussed. 
 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
 
Keywords: Dy-123; Single domain; Pt-Rh wire; In air; Composite 
 
1. Introduction 
Single-domain DyBa2Cu3Ox (Dy-123) system superconductors could be grown by means of the top seeding and 
temperature gradient method [1-5]. It was reported that high magnetic field of 1.9 T was trapped at 77.3 K in the presence of 
7 T applied parallel to the c-axis [6]. Dy-123 system superconductor, therefore, was expected for large-scale applications, 
like flywheels, magnetic bearings, magnetic separation, etc. 
Much effort has been devoted to the development of texturing processes of high temperature superconducting bulk with 
high critical current densities in the last decade. The complete oxygenation of the bulk sample, the mechanical reinforcement 
[7][8] and the hot-spot problem are still existing difficulties to overcome. By flowing melted metal into holes in the melt-
texture bulk and expelling heat induced inside the bulk out to outside of the bulk, 17 T at 29 K was trapped in the bulk [6]. It 
was also reported about cooling down the bulk by liquid nitrogen introduction into the drilled holes in the bulk [9-11]. 
In the previous paper, we reported preparation and superconducting properties of melt textured bulk of Dy-123 system 
with Pt-Rh (m. p.: 1,860oC) alloy wires in air [12]. We could not fabricate Dy-123 bulk with Pt (m. p.: 1,772oC) wires in air, 
in spite of succeeding in preparation of the bulk system in Ar atmosphere. In fabricating the large-sized superconducting 
bulk, it is important for the bulk to be fabricated in air, because the size of preparation apparatus, where the Ar atmosphere is 
kept, is restricted. In the fabricating Dy-123 bulk with Pt wire in air, the shape of Pt wire was largely transformed and a part 
of the wire disappeared. Here, we compare the superconducting property and the structure of Dy-123 single domain bulk 
composed with Pt-Rh wires prepared in air with ones of the bulk composed with Pt wires prepared in Ar atmosphere. 
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2.  Experiment 
2-1  Sample preparation 
Dy-123 and Dy-211 calcined powders were mixed in the molar ratio (Dy-123/Dy-211) of 1/0.3. Since Ag2O 
addition is effective in lowering the melting point and improving the mechanical strength [7][8], Ag2O powder was 
added to the mixture. In order to study the effect of the Ag2O addition on lowering, the peritectic temperature of the 
samples with different amount of the Ag2O in Air and in Ar atmosphere was measured with a thermal gravimetric and 
differential thermal analysis (TG-DTA) method, as shown in Fig. 1. Both the peritectic temperatures of the system in 
air and in Ar atmosphere decrease with increasing Ag2O amount. And the peritectic temperatures in Ar are 50oC lower 
than those in air. Therefore, in the experiments condition, Ag2O addition of 30 wt% into the system and the domain 
fabrication in air were selected, because it is necessary to grow the domain in lower temperature as possible in order to 
suppress reaction between Pt-Rh and the superconducting oxide. The mixed compounds were molded with two Pt-Rh 
wires 0.4 mm in diameter in metal dies 20 mm in diameter and pressed into pellets using coaxial pressing equipment. 
In addition, we prepared the same component pellet without Ag2O and Pt-Rh wires, 20 mm in diameter.The 
superconducting bulks added with Pt-Rh (87%-13%) wires were fabricated in air with a top seeding method in 
temperature gradient. The temperature gradient of 10oC/cm was employed. The pellet with Pt-Rh wires was partially 
melted at 1,030oC for 1 hour, and rapidly cooled to 975oC in 30 min, when the ab-plane of Nd-123 seed crystal was 
placed in contact with the top surface of the sample to grow a single grain bulk along the c-axis. In comparison with 
the Dy-123 bulk with Pt-Rh wires, Pt wires 0.4 mm in diameter were added in Dy-123 bulk with 20 wt% of Ag2O in 
air and in Ar. The pellet with Pt wires was partially melted at 970oC for 1 hour in 99.9% Ar and 0.1 % O2 gas and 
rapidly cooled to 940oC in 30 min when the seed crystal was placed on the sample.  
After the seeding, the bulks with Pt-Rh wires and Pt wires were cooled to 925oC for 170 hours and to 890oC with 
for 170 hours, respectively, then the bulks were cooled to room temperature with furnace cooling. Finally, the samples 
were annealed in pure oxygen atmosphere at 450oC to 200oC for 200 hours. 
2.2 Measurement 
We performed structural characterization of the single-domain samples using optical microscopy (OM) and 
scanning electron microscopy (SEM). For evaluation of superconducting properties of Dy-123 system, we measured 
magnetization of the specimen cut out from the bulk. The trapped magnetic field (BT) at 77.3 K of the superconductors 
was measured after applying magnetic field of 2.0 T by placing a hall sensor onto the sample surface. Critical 
temperature (Tc) was estimated from temperature dependence of the magnetization curve.                                  . 
 We measured the magnetization curve of the samples with vibrating sample magnetometer (VSM). Critical current 
density (Jc) was calculated using the Bean model. Fig. 2 show schematic diagram of specimens cut from the bulk 
sample for VSM measurements. The specimen was 5 mm x 5 mm x 1 mm containing Pt-Rh wire and Pt wire. Then, 
the specimen was cut into the small specimens of 2 mm x 2 mm x 1 mm containing Pt-Rh wire and without the wire. 
3. Results and discussion 
3.1 Outlook of sample 
Fig. 3 show optical photograph and illustration of the surface of the single domain melt-textured Dy-123 sample 
 
 
 
Metallic wire 
1.0 mm 
 
Fig. 1. Lowering of the Peritectic Temperature of Dy-123/Dy-211 
(1/0.3) system by addition of Ag2O. Ƒ : in air and Ŷ : in Ar gas. 
Fig. 2. Schematic diagram of specimens cut form a massive 
sample for VSM measurement. 
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with two Pt-Rh wires fabricated in air. The growth lines of faceted growth on the surface of the Pt-Rh wire added 
single domain are clearly analogous to the ones observed on the melt-textured bulks processed in the same conditions 
but without Pt-Rh wire. These show that the Pt-Rh wires do not seem to disturb the domain growing in the bulk. 
3.2 Superconducting property 
For evaluation of superconducting properties of the melt-textured Dy-123 single-domain bulk with Pt-Rh metal 
wires, we measured the Tc, the Jc and the trapped field at 77.3 K. 
In the previous papers [12], it was possibly mentioned that the Tc property is affected slightly by adding the Pt-Rh 
wires to the melt-textured bulk. Fig. 4 shows the transition curves of magnetization on the Dy-123 bulk with Pt-Rh 
wires in air which is compared with sample with Pt wires fabricated in 99.9% Ar and 0.1 % O2 gas. The specimens 
were prepared by cutting the portion without wires. From the transition curves, it was observed that Tc (on-set) of the 
samples with Pt-Rh and Pt wire are 91.8 K and 92.0 K, and Tc (off-set) are 88.5 K and 89.5 K, respectively. The Tc of 
the sample added with Pt-Rd wires fabricated in air is the same as the Tc of the Pt wires fabricated in Ar atmosphere.  
Table 1 shows the Jc value at 77.3 K of the specimen of 5 mm x 5 mm x 1 mm cut from the single domain bulk 
containing one wire in its center. The Jc value of sample with Pt-Rh wire was 4.2 kA/cm2, and that with Pt wire was 
4.3 kA/cm2. Those results show that the superconducting property of the sample prepared in air is the almost same as 
the property of the sample in Ar. 
Table 2 show the Jc value of the small sample (2 mm x 2 mm x 1 mm) cut out from the large sample (5 mm x 5 mm 
x 1 mm) as shown Fig. 2. The sample without Pt-Rh wire was 5.8 kA/cm2, whereas the sample with Pt-Rh wire was 
non superconductor. Those results show that in the measurement with VSM, as magnetic field penetrates minute 
paramagnetic region of Pt-Rh wire and the surrounding non superconducting layer, the Jc value was estimated at zero. 
We measured trapped field (BT) of the melt-textured Dy-123 superconductor Dy-123 superconductor containing Pt-
Rh wire. The three-dimensional trapped field distributions are shown in Fig. 5. The single peak with maximum 
trapped field of about 0.13 T and 0.10 T of the sample with Pt-Rh wires and Pt wires are observed, respectively. 
3.3. Microstructure 
SEM photographs were taken on surroundings of the metal wire cut along the ab-plane of the single domain. In Fig. 
6 (a), it is observed that there is an intermediate layer between the Pt-Rh (m. p.: 1,860oC) wire and Dy-123 phase and 
there are no large cracks and voids in the surroundings of the bulk which was partially melted at 1,030oC in air. The 
 
 
 
 
 
Fig. 3.  (a) Optical photograph and (b) illustration of the melt-textured 
Dy-123 bulk with two Pt-Rh wires. 
 Table 1 Jc at 77.3 K of the specimen (5 mm x 5 mm x 1 mm) cut from Dy-123 melt textured 
bulk with Pt-Rh and Pt wire. 
Specimen with Pt-Rh wire Specimen with Pt wire 
4.2 kA/cm2 4.3 kA/cm2 
 
 
 
 
Table 2 Jc at 77.3 K of the specimen (2 mm x 2 mm x 1 mm) cut from Dy-123 melt textured 
bulk with Pt-Rh wire as shown in Fig. 2. 
Specimen with Pt-Rh wire  Specimen without Pt-Rh wire 
0 kA/cm2  5.8 kA/cm2 
 
 
 
 
 
 
Fig. 4. Transition curves of single-domain Dy-123 melt-textured 
bulks with Pt-Rd wires fabricated in air and with Pt wires in Ar 
atmosphere. Ƒ : with Pt-Rh wires and Ŷ : with Pt wires. 
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diameter of gray core of Pt-Rh wire is about 0.38 mm corresponding to the diameter of the composed Ni wire (0.4 
mm) and the thickness of the intermediate layer is 0.17 mm. In Fig. 6 (b) of Pt (m. p.: 1,772oC) added Dy-123 bulk 
partially melted at 970oC in Ar, no large cracks in the surrounding region were also observed. In the inserted 
photograph in Fig. 6 (b) of the surroundings of the Pt wire in the bulk fabricated in air, the shape of Pt wire was 
largely transformed which means that Pt reacted with the oxide at the partially melted temperature of 1,030oC.  
4. Conclusions 
We composed Pt-Rh wires into melt-textured Dy-123 superconducting bulk in air. Two Pt-Rh wires of 0.4 mm in 
diameter were inserted into pressed body of calcined powder with 20 mm in diameter. In order to lower the peritectic 
temperature, Ag2O of 30 wt% was added into the calcined powder. And the single domain of the superconducting bulk 
was fabricated in air atmosphere, the superconducting property and the microstructure of which was as almost same as 
those of the bulk with Pt wires fabricated in Ar atmosphere. 
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Fig. 5. Trapped field distribution of the Dy-123 bulk with (a) Pt-Rh wires and (b) Pt wires. 
 
 
Fig. 6. SEM photographs of surroundings of the wire in the melt-textured Dy-123 bulk with  
(a) Pt-Rh wire and (b) Pt wire. Inserted photograph is Pt wire in the bulk fabricated in air. 
